RESULTS:
The strongest risk factor for failure of each of the 3 components of the first-grade CRCT was level of maternal education. Child race/ethnicity and maternal age at birth were also associated with first-grade CRCT failure irrespective of the severity of preterm birth, but these factors were more important among children born moderately preterm than for those born on the margins of the prematurity distribution. Adjusting for maternal and child characteristics, there was an increased odds of failure of each component of the CRCT for children born late preterm versus term, including for math (adjusted odds ratio [aOR]: 1.17, 95% confidence interval [CI]: 1.13-1.22), reading (aOR: 1.13, 95% CI: 1.08-1.18), and English/language arts, for which there was an important interaction with being born small for gestational age (aOR: 1.17, 95% CI: 1.07-1.29).
CONCLUSIONS: Preterm birth and low maternal education increase children' s risk of failure of first-grade standardized tests. Promoting women' s academic achievement and reduce rates of preterm birth may be important to achieving gains in elementary school performance. Pediatrics 2013;131:693-700 A decade after No Child Left Behind education law was enacted in an attempt to improve schools, particularly for the nation' s poor and minority children, questions remain about the inability of many schools to make adequate yearly progress. In 2010, ∼38% of US public schools did not make adequate yearly progress; in Washington, DC, the number not making adequate yearly progress was 91%. 1 Consequently, the stakes of standardized testing are high for students, schools, and parents alike. Parents often seek guidance from their pediatrician concerning school readiness and developmental needs of their child. 2 However, there is a lack of research to support pediatric practice in this area.
A child' s ability to succeed academically is influenced by innumerable social, economic, and biological factors. Abundant evidence shows that preterm birth, particularly ,33 weeks' gestation, can adversely affect a child' s neurocognitive development. [3] [4] [5] [6] Impaired neurologic development is associated with later poor academic outcomes including grade retention, poor test performance, and special education referral. 7, 8 The impact of preterm birth on cognitive development may be further exaggerated by parental characteristics where there is evidence of synergism among maternal socioeconomic status, preterm birth, and academic performance. 9 To date, limited research has focused on the academic difficulties of children across the prematurity spectrum. Instead, most existing studies focus on clinical measures of neurologic deficits among relatively small samples of children born at extremely (EPT) to moderately (MPT) preterm gestational ages. Although a great deal is known about the acute neurologic outcomes associated with preterm birth before 33 weeks' gestation, much less is known about the subclinical developmental and academic outcomes associated with late preterm birth (LPT; birth between 34 and 36-6/7 weeks).
The developmental risks associated with late preterm birth were once thought to be minimal. However, studies have demonstrated that even infants who are at the margins of prematurity suffer disproportionate rates of clinical neurocognitive problems. 3, [10] [11] [12] These LPT infants may be susceptible to earlyand long-term academic failure. 11, [13] [14] [15] Yet few, if any, studies have examined the relative impact of LPT birth on standardized test performance, the most common measure of academic performance and a principal determinant of grade retention in public schools. In 2012, Lipkind et al examined the relationship between prematurity and standardized test performance in New York City. 16 They found a linear association between gestational age and test scores from 32 to 39 weeks' gestation. 16, 17 In our study, we hypothesized that prematurity would significantly increase the risk of first-grade test failure among our sample when controlling for maternal (eg, age and educational attainment) and child characteristics (eg, gender and birth weight for gestational age). We expected that maternal and child socioeconomic characteristics would moderate the influence of prematurity on test failure (Fig 1) . Although socioeconomic conditions are frequently blamed for the "achievement gap" in educational testing, 17, 18 the role of prematurity in educational achievement has largely been ignored. Our study sheds more light on this area.
METHODS

Data Sources
We constructed a retrospective cohort by deterministically linking the birth records of all singleton live births to Georgia-resident mothers aged 11 to 53 years from 1998 to 2003 to the Georgia State Department of Education standardized testing data for first-grade attendees of Georgia public schools from 2004 through 2009. Figure 2 delineates the construction of the cohort.
From the birth record, we ascertained the gestational age, race, and birth weight of the infants, as well as specific maternal characteristic including maternal race/ethnicity, age at delivery, and years of education. From the educational record, we ascertained the child' s performance on all 3 first-grade test components (mathematics, reading, English/language arts [ELA]) of the Criterion-Referenced Competency Test (CRCT). The CRCT is a set of standardized tests administered to students in kindergarten through grade 8 at public schools in Georgia. It is designed to assess students' mastery of the content outlined in the Georgia Performance Standards. CRCT performance is a key indicator of student success. Students in grades 3, 5, and 8 are required to pass the CRCT to be promoted to the next grade. A detailed description of the CRCT properties (eg, reliability) can be found on the web site of the Georgia State Department of Education 19 and in the extant literature. [19] [20] [21] [22] [23] [24] Once cleaned, the databases were combined into one dataset using deterministic record linkages based on unique ID' s created from the child' s name and date of birth and mother' s last name. Records that could not be matched were compared with matched records to assess systematic differences in maternal and child characteristics and were excluded from subsequent analysis.
We included births based on the following criteria ascertained from the birth certificate: (1) live-born singleton infants with recorded birth weight between 400 to 5000 g and gestational age between 24 to 43 weeks; (2) absence of congenital anomalies and/or chromosomal defects; (3) child race categorized as non-Hispanic white, non-Hispanic African American, or Hispanic of any race; and (4) births that could be linked to student education records.
Data Analysis
Three binary outcomes were considered: children were categorized as failing versus passing on the math, reading, and ELA components of the first-grade CRCT. The primary exposure of interest was the child' s gestational age at birth categorized as EPT (20-27 weeks), MPT (28-33 weeks), LPT (34-36 weeks), term (37-41 weeks), and postterm (42-43 weeks). A secondary exposure of interest was a measure of fetal growth restriction as indicated by an infant being less than the 10th percentile of weight for gestational age using national growth curves 25 (small for gestational age [SGA]) versus greater than or equal to the 10th percentile of weight for gestational age (appropriate or large for gestational age).
Several covariates were considered in modeling as potential confounders of the relationship between gestational age and school performance. Maternal age at birth was categorized as 10 to 14, 15 to 17, 18 to 19, 20 to 24, 25 to 29 (reference category), 30 to 34, 35 to 39, and $40 years. Maternal highest attained education at time of birth was categorized as no high school diploma, high school diploma (or general equivalency diploma), some college, and $4-year college degree (referent category). Child gender was included with female children as the referent group. Child race was included as non-Hispanic white (referent category), non-Hispanic African American, and Hispanic of any race. The bivariate distributions of covariates by gestational age categories were assessed by using frequencies and x 2 statistics.
Logistic Models
Logistic regression was chosen as the primary analysis because of the binary outcome data (ie, "pass" vs "fail" on each first-grade CRCT subject test). Initial crude models regressed each outcome variable (failure of math, reading, and ELA components of the CRCT) separately on each exposure and covariate. Subsequent stepwise regression was conducted assessing change in exposure-outcome association as indication of potential confounding. All possible 2-way interactions between exposures and covariates were assessed, including possible 2-way interactions between gestational age and growth restriction. Model fit was assessed by using the change in 22-log-likelihood and Akaike information criterion [AIC] statistic. Because all educational levels were not theoretically attainable for all maternal ages (eg, teen moms are unlikely to have completed college), models were repeated with restriction to mothers $18 years and found to provide consistent results. All analyses were conducted by using SAS 9.2 (Carey, NC).
RESULTS
There were 628 115 eligible births from 1998 through 2003; this number represents the total number of singleton live births to Georgia-resident mothers who otherwise met the inclusion criteria. Of this cohort, 314 328 or 53% were successfully linked to their firstgrade standardized test scores. There are 4 possible sources for loss to follow-up in this cohort. First, outmigration from Georgia between a child' s birth and entrance into first grade is expected. According to interstate migration data from the US Census and Internal Revenue Service, there is an average out-migration rate from Georgia of 2.5% to 3% per year. 26, 27 Therefore, an estimated 12.5% to 15% of the original cohort may have moved out of state before entering the first grade, 23% per year. 26, 27 A second source of loss is our reliance on standardized tests that are only mandated for students enrolled in Georgia public schools (traditional and charter). Based on educational and US Census data sources, 8% to 9% of Georgia children attend private schools, and an additional 2% to 5% are homeschooled or otherwise not enrolled in public schools. [28] [29] [30] Therefore, 10% to 14% of the original cohort may not be represented in the public school CRCT database. On the basis of educational and US Census data sources, 8% to 9% of Georgia children attend private schools, and an additional 2% to 5% are homeschooled or otherwise not enrolled in public schools. [28] [29] [30] Third, a small proportion of children born in Georgia may have died before entering the first grade. Finally, the deterministic linkage process used in relating individual birth records to first-grade educational records could fail to create true links because of changes or errors in the recording of identifying variables used in linkage.
Loss to follow-up in this setting is particularly concerning if it is differential with respect to key risk factors or outcomes. Although we cannot assess the educational outcomes for children who were not linked, we can compare the distribution of birth characteristics for children who were linked to the total birth cohort population. The linkage rate is relatively stable within strata of key variables, with some variation. Specifically, linkage was highest among children whose mothers had a high school degree or some college education (51%-60%) but was lower among children whose mothers had $4 years of college (44%). The linkage rate was 53% for children born term and 51% for those born preterm. The linkage rate was highest for children whose mothers were non-Hispanic African American (57%) but lower for nonHispanic white (52%) and Hispanic (48%) mothers. Importantly, linkage rates were consistent across the birth years of interest.
The characteristics and distribution of subjects by maternal and child characteristics are described in Table 1 . As shown, ,1% of the 314 328 matched births were EPT, almost 2% were MPT, ∼8% were late preterm, the vast majority (∼86%) was term, and ∼4% were postterm.
The results of our estimation of the probability of failure of each component of the first-grade CRCT are given in 3 separate models. For all models, maternal age at birth, maternal highest attained education at time of birth, child gender, and child race/ethnicity were included as covariates. Tables 2, 3 , and 4 report results from crude and adjusted logistic regression models for the probability of a child failing math (Table 2) , reading (Table 3) , and ELA ( There is some attenuation of the association between gestational age category and outcome comparing the adjusted to the crude model, suggesting that maternal and child characteristics confound this association to some degree, but a robust independent association persists. Importantly, model fit as indicated by either the AIC or the pseudo-R 2 improves in the fully adjusted (AIC = 217 280, pseudo-R 2 = 11.8%) compared with the crude model (AIC = 236 812, pseudo-R 2 = 0.44%).
In both the crude and adjusted logistic models, maternal age and education, child race/ethnicity, gender, and SGA status were significantly associated with failure of each component of the CRCT.
The relative influence of the model covariates on the probability of test failure varied considerably across the gestational age categories (Fig 3) . The inclusion of the covariates in the logistic model reduced the probability of failure of each component of the CRCT among the moderately preterm group substantially more so than it did for the EPT and LPT groups. For example, the probability of failure of the ELA component was reduced by 9.8% and 8.5% among the EPT and LPT groups but by 14% among the moderately preterm group. The average reduction in the aOR was 13%, 16%, and 10% among the EPT, MPT, and LPT groups, respectively.
DISCUSSION
We found that being born "preterm" versus "term" increases a first-grade child' s risk of failure of each of the 3 components of the CRCT when controlling for maternal age at birth, maternal education, maternal race/ ethnicity, child race/ethnicity, child' s gender, and year of birth. Increasing severity of preterm birth was associated with increasing likelihood of failure of all components of the CRCT in a significant dose-response pattern. Of note, even children born LPT (34-36 weeks' gestation) experienced significantly increased risk of failure for each of the 3 components of the CRCT.
Of the factors considered in our model, the strongest risk factor for failure of each of the 3 components of the CRCT in first grade was maternal education with a consistent inverse exposureresponse relationship between level of maternal education and risk of failure of all 3 components of the CRCT. Importantly, we also found that child race/ethnicity and maternal age at birth are associated with first-grade test performance irrespective of the severity of preterm birth. However, maternal (eg, age, education) and child social characteristics seem to play a greater role in test failure among children born moderately preterm than for those born on the margins of the prematurity distribution (EPT and LPT). There may be socioeconomic and sociocultural reasons for this finding. Extreme premature infants who survive to the first grade may have a more nurturing environment as a group than less-premature infants who are more likely to survive irrespective of their care. On the other side of prematurity, LPT infants have more iatrogenic prematurity owing to elective cesarean delivery, which may be more of an upper-class phenomenon. Thus, the infant gestational age groups do not start out on a level playing field with each other. The birth certificate variables are not nuanced enough to pick this up, particularly lacking information on income and the interaction of socioeconomic status with course of labor and delivery. Given our lack of detailed information about the trajectory of these children past their birth, we can only speculate about the potential reasons for these observations.
This study also provides evidence that preterm birth has long-term consequences even among those LPT infants who were formerly thought to be at negligible risk. This study adds to a growing body of literature suggesting that even LPT infants suffer disproportionate rates of clinical neurocognitive problems and are susceptible to early and long-term academic failure. 3, [10] [11] [12] [13] [14] [15] Additional research is needed to identify the specific pathways through which late prematurity influences school performance. For example, to what extent do clinical interventions (eg, antenatal corticosteroid use) improve longer-term developmental outcomes by reducing the incidence of neonatal morbidity (eg, respiratory distress)? There is some precedent in the literature in this area. Patrianakos-Hoobler et al found that preterm survivors who experienced respiratory distress also experienced higher prevalence of neurologic impairment even 2 years after birth, with 23% of their sample labeled as "delayed" at 2 years of age. 8 They found that developmental delays at age 2 years were highly predictive of the lack of school readiness at first grade, suggesting that neonatal and postneonatal morbidity may directly affect school outcomes such as test performance. Consequently, it is reasonable to suggest that reductions is neonatal morbidity might be associated with even longer-term developmental outcomes.
Our findings also appear to be similar to that of Lipkind et al. 16 Their study examined third-grade math and English test scores in a single city, but the magnitude of the relationship between test performance and prematurity was similar to that observed in our study. Premature subjects in their study scored from 4% to 10% lower on the standardized than did their full-term counterparts. 16 Unlike the Lipkind study, we examined first-grade test performance. Test failure at this grade level is inherently low. We expect that we will be able to explain even more variation in test failure when we are able to analyze our second-and thirdgrade data. Approximately 19% of third-grade students in Georgia failed the math CRCT exam in 2011 as opposed to ∼13% of first graders. 20 In the sixth grade, failure rates are ∼24%. Given our findings, it is reasonable to believe that prematurity could have an even longer and more substantial impact on school achievement as a child progresses through the grade levels. This is important because stakes of state-level assessments (eg, grade retention) increase as a child moves up each grade level, as do failure rates. 
FIGURE 3
Change in aOR of failure of CRCT components according to gestational age category: relative reduction in the odds of test failure after the covariates (eg, maternal age, maternal education, child race/ethnicity, and child gender) were added in to the logistic model. 
